The CCK-B/gastrin receptor (CCK-BR)f is a seven transmembrane domain protein with subnanomolar affinity for two endogenous peptides, cholecystokinin (CCK) and gastrin. In the stomach, gastrin is considered the primary physiologic stimulus for CCK-BR mediated functions [1] . Gastrin triggers acid secretion by parietal cells through the convergence of two pathways, each regulated by CCK-B/gastrin receptors: 1) an indirect mechanism in which gastrin stimulation of enterochromaffin-like (ECL) cell CCK-B/gastrin receptors results in histamine release, which in turn leads to parietal cell acid secretion via H2 receptors; 2) a direct mechanism in which gastrin acts on parietal cell CCKBRs to stimulate acid release [2] . In addition, gastrin exerts trophic effects on the mucosa of the stomach [3] [4] [5] . The gastrin-mediated increase in parietal cell mass is generally considered the result of enhanced entry of progenitor cells into the parietal cell lineage [4, 6] . In contrast, gastrin-dependent ECL cell proliferation appears to be mediated by CCK-B/gastrin receptors on fully differentiated ECL cells [7] .
INTRODUCTION
The CCK-B/gastrin receptor (CCK-BR)f is a seven transmembrane domain protein with subnanomolar affinity for two endogenous peptides, cholecystokinin (CCK) and gastrin. In the stomach, gastrin is considered the primary physiologic stimulus for CCK-BR mediated functions [1] . Gastrin triggers acid secretion by parietal cells through the convergence of two pathways, each regulated by CCK-B/gastrin receptors: 1) an indirect mechanism in which gastrin stimulation of enterochromaffin-like (ECL) cell CCK-B/gastrin receptors results in histamine release, which in turn leads to parietal cell acid secretion via H2 receptors; 2) a direct mechanism in which gastrin acts on parietal cell CCKBRs to stimulate acid release [2] . In addition, gastrin exerts trophic effects on the mucosa of the stomach [3] [4] [5] . The gastrin-mediated increase in parietal cell mass is generally considered the result of enhanced entry of progenitor cells into the parietal cell lineage [4, 6] . In contrast, gastrin-dependent ECL cell proliferation appears to be mediated by CCK-B/gastrin receptors on fully differentiated ECL cells [7] .
To better understand the mechanisms underlying gastrin-dependent secretory function and cellular proliferation within the gastric mucosa, we have generated mice lacking CCK-B/gastrin receptors. aEqual contributions were made by the first two authors.
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MATERIALS AND METHODS

Generation ofmutant mice
The gene targeting strategy, as well as the details pertaining to the generation of homozygous CCK-BR deficient mice, has been described previously [8] . In [11] . These cells, which had undergone homologous recombination, were injected into blastocysts obtained from C57B6/J mice (Taconic Farms) [10] . Embryos were transferred to pseudopregnant CBA mice (The Jackson Laboratory). Of four chimeric males, one gave germline transmission of the targeted allele and was used to produce mice homozygous for the disrupted CCK-BR gene.
Analysis of CCK-BR mutant mice
The animals used for study were between two and 9 months of age. Plasma and tissue from pairs of age/sex matched wild type and CCK-BR deficient mice were analyzed. Specific radioimmunoassays using antiserum 2604 and 7270 were utilized to measure carboxyamidated and glycine-extended gastrins, respectively [12] . Fasting gastric pH was assessed as described by Takagi et al. [13] . Gastric tissues were embedded in paraffin. Serial sections (3-5 jm) were stained with (i) hematoxylin and eosin for conventional analysis and (ii) PAS/Alcian blue to assess mucins. Immunohistochemical tests were performed using the avidin-biotin-peroxidase complex (SPA, Milano, Italy) method [14] . The following antisera were used: rabbit anti-C-terminal alpha subunit (HKaC2) of pig gastric H/K-ATPase (1:1000, A.J. Smolka, Charleston, S.C., USA) [15] for identification of parietal cells; rabbit anti-rat chromogranin A (CgA) (1:2000, H. Winkler, Innsbruck, Austria) [16] for identification of enterochromaffin-like (ECL) cells; rabbit anti-N-terminus of gastrin 34 (1:2000, AC90, Cambridge Research Biochemicals, Cambridge, UK) for gastrin (G) cells; rabbit anti-somatostatin 28 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] (1:5000, CA-08-330, Cambridge Research Biochemicals, Cambridge, UK) for somatostatin (D) cells. Quantitation of immunoreactive (IR) cells was performed in samples where mucosal glands were oriented perpendicular to the gastric lumen as previously described [17] . For ( Figure 2a-d) and CgA-IR ECL cells (Figure 2e and 2f) . Circulating bioactive carboxyamidated gastrins are elevated in CCK-BR deficient mice (612 pmol/l) versus controls (59 pmol/l) (p < .0001). In contrast, the mean concentrations of circulating glycineextended gastrin in plasma were unchanged in CCK-BR null mice (128.9 pmol/l versus 136.4 pmolI in controls). The antral mucosa of CCK-BR deficient mice shows a decrease in the number of antral somatostatin-IR cells and increased gastrin-IR cells (Figure 3 ). The resulting G/D cell ratio was significantly elevated in mutant mice (Table 1) . Notably, no change in the number of oxyntic somatostatin-IR cells is observed in CCK-BR deficient mice when compared with controls (Table 1) .
DISCUSSION
This study illustrates the profound functional and morphologic effects resulting from the ablation of CCK-B/gastrin receptor gene. Gastric acid production is severely impaired in CCK-BR deficient mice. This is consequent to the reduced number of both H/KATPase-IR parietal cells, and CgA-IR enterochromaffin-like (ECL) cells. The increase in pH leads to high concentrations of bioactive carboxyamidated gastrin in plasma. Other animal models of hypochlorhydria also show hypergastrinemia [3, 7, 19, 20] . However, in mutant mice, (due to the absence of CCK-B/gastrin receptors) gastrin is ineffective in restoring parietal cell acid production. This contrasts with what is normally observed in the setting of hypergastrinemia where parietal cell mass and ECL cell density are invariably increased [3] [4] [5] . Therefore, our data suggest that a minimum level of CCK-BR mediated stimulation is required to maintain these cell populations at normal densities. In addition, the oxyntic mucosa of CCK-BR deficient mice shows a qualitative increase of putative precursor cells and a normal number of somatostatin-producing D cells. We speculate that the absence of CCK-B/gastrin receptors may lead to a developmental arrest or slowdown in the parietal and endocrine cell lineages resulting in a redirection of cellular differentiation into alternative pathways, which in turn may lead to the observed increase in precursor cells.
It is of note that in mutant mice the plasma concentrations of glycine-extended gastrin are comparable to those of controls. Glycine-extended gastrins are the immediate precursors of bioactive, carboxyamidated gastrin-17 and gastrin-34 [21] . The normal concentrations of circulating glycine-extended gastrin and high concentrations of carboxyamidated bioactive gastrin observed in mutant mice may reflect an elevated rate of posttranslational processing of gastrin without limitations in the G-cell capacity for amidation. Such pattern is rarely seen by increased biosynthesis of gastrin [22] .
An abnormal distribution of endocrine cells is observed in the antral mucosa of CCK-BR mutant mice. In addition to the hyperplasia of antral gastrin cells, mutant mice show a reduction in antral D cells. Together these abnormalities lead to a markedly increased G/D cell ratio. The elevated G/D ratio is a normal physiologic response to long term elevation of gastric pH and occurs in rodents after partial fundectomy, or as a result of chronic application of acid-inhibitory drugs [19, 20, 23] . 
